We investigate the nonequilibrium quantum dynamics of a single and two heavy fermionic impurities being harmonically trapped and repulsively interacting with a finite ensemble of majority fermions. A quench of the potential of the majority species from a double-well to a harmonic trap is applied, enforcing its counterflow which in turn perturbs the impurities. For weak repulsions it is shown that the mixture undergoes a periodic mixing and demixing dynamics, while stronger interactions lead to a more pronounced dynamical spatial separation. In the presence of correlations the impurity exhibits an expansion dynamics which is absent in the Hartree-Fock case resulting in an enhanced degree of miscibility. We generalize our results to different impurity masses and demonstrate that the expansion amplitude of the impurity reduces for a larger mass. Furthermore, we showcase that the majority species is strongly correlated and a phase separation occurs on the two-body level. Most importantly, signatures of attractive impurity-impurity induced interactions mediated by the majority species are identified in the time-evolution of the two-body correlations of the impurities, a result that is supported by inspecting their spatial size.
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I. INTRODUCTION
Ultracold atoms represent a unique platform for realizing and subsequently probing the properties of multicomponent systems such as Bose-Bose [1] [2] [3] , Bose-Fermi [4] [5] [6] and Fermi-Fermi (FF) mixtures [7] [8] [9] . Several system parameters are experimentally tunable such as the interparticle interaction strength with the aid of Feshbach resonances [10, 11] and the external potential landscape [12, 13] . It is possible to trap with a high precision a desired number of particles [14] [15] [16] especially in one spatial dimension. Lately, a focal point of studies has been the investigation of highly particle imbalanced systems [17] [18] [19] [20] [21] [22] [23] [24] consisting of impurities immersed in a many-body environment. Consequently, the impurities are dressed by the excitations of their host forming quasiparticles [25, 26] such as polarons [27, 28] whose properties, e.g. their effective mass [29] , mobility [27, 30] and induced interactions [28] are altered compared to the bare particle case. Most importantly, both Bose [31] [32] [33] [34] and Fermi polarons [21, 22, 35] have been experimentally realized and a variety of their characteristics such as their excitation spectrum have been probed [21, 22, 36, 37] . These experimental findings paved the way for a multitude of theoretical investigations in order to understand first the stationary properties of these quasiparticles [31, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] and very recently their nonequilibrium dynamics [49, 50] .
A crucial ingredient for the adequate description of these systems, especially during their nonequilibrium dynamics, is the involvement of interparticle correlations [44, [49] [50] [51] [52] [53] [54] [55] [56] [57] . The impurities are indeed few-body systems and correlation effects become well-pronounced. Central phenomena emerging in the dynamics of impurities include non-linear structure formation [52, 58] , their orthogonality catastrophe [50, 59, 60] , dissipation and relaxation dynamics [55, 61, 62] , collisions with their host [63] [64] [65] [66] [67] and their transport properties in lattice systems [68] [69] [70] [71] . Most importantly, besides the aforementioned studies and first applications, the dynamics of impurities and their accompanying many-body effects are still far from being completely understood especially in the case of more than a single impurity.
A main focus of the previous investigations regarding the nonequilibrium dynamics of impurities has been the scenario where an external perturbation is applied either on the entire system or solely on the impurity subsystem. Then, the resultant time-evolution of both the impurity and its environment is monitored. However, a largely unexplored direction is to perturb only the bath and inspect the dynamical response of the impurities which are indirectly perturbed. As a model system, we consider one or two heavy fermionic impurities harmonically trapped being immersed in a one-dimensional Fermi sea that is in turn confined in a double-well. The mixture is initialized to its ground state configuration and the dynamics is induced by ramping down the potential barrier of the double-well. This scheme enforces a counterflow of the Fermi sea which then perturbs the impurities. Note that very recently spin charge separation processes have been reported for a similar setting but restricted to the single impurity case while quenching the double-well of both components [72] .
An imperative prospect here is to unravel the dynamical response of the impurities for different impurity-bath interactions in order to inspect how the environment mediates its perturbation depending on the number of the impurities. Especially the role of induced impurityimpurity interactions [39] caused by the Fermi sea is of immediate interest. Recall that two fermionic impurities do not exhibit direct s-wave impurity-impurity in-teractions since they are spin-polarized. Furthermore, dynamical phase separation proccesses [73] [74] [75] and possible structure formation emerging in the bath are relevant problems. Such a counterflow quench-induced process has been widely used in bosonic setups in order to generate dark and dark-bright solitary waves [76] [77] [78] . To address the quench dynamics of the impurities we rely on the Multi-Layer Multi-Configuration TimeDependent Hatree Method for atomic mixtures (ML-MCTDHX) [79] [80] [81] which is a variational method allowing us to capture all the relevant interparticle correlations of the FF mixture. The nonequilibrium dynamics is studied for a wide range of repulsive interspecies interactions both within the Hartree-Fock (HF) and in the many-body ML-MCTDHX theoretical framework.
We find that the dynamical behavior of the systems including a single or two fermionic impurities is qualitatively similar on the one-body density level with each species performing a breathing motion. For weak repulsions it is shown that in the HF approach the mixture undergoes a periodic mixing and demixing dynamics [50, 73, 74] . The density of the Fermi sea develops fragmented patterns which are found to be shallower in the correlated many-body case. Meanwhile, the impurity is placed at the trap center. However, in the presence of correlations the impurity experiences a predominant expansion, which is absent in the HF case, resulting during evolution in an enhanced spatial overlap between the components. For stronger interactions and both in the HF and the many-body scenaria we unveil a pronounced dynamical spatial interspecies separation. In the HF approach, the impurity cloud is strongly localized thereby performing a weak amplitude but multifrequency breathing motion. The inclusion of correlations leads to a spreading of the impurities density and thus to a smaller degree of phase separation between the species, a phenomenon that is less enhanced for two impurities.
Examining the effect of the impurity mass on the dynamical response of each species, we reveal that the expansion amplitude of the impurity reduces for larger masses both for single and two impurities. However, the response of the Fermi sea is impacted noticeably only for the two impurity case, showing a reduced expansion amplitude for lighter impurities [70] . Furthermore, we showcase that the Fermi sea is strongly correlated and a phase separation occurs on the two-body level. Most importantly, signatures of attractive impurity-impurity induced interactions mediated by the Fermi sea are identified in the time-evolution of their two-body correlation function [82] . This result is further supported by comparing the spatial size of two and one impurity atoms [83] . We estimate the degree of interparticle correlations in the course of the evolution and identify that their amount maximizes for intermediate interspecies repulsions and reduces for a fixed interaction but larger impurity mass.
This work is structured as follows. Section II explicates our setup and quench protocol, the many-body ansatz and the basic observables of interest used to interpret the dynamics. Subsequently, we discuss in detail the quench-induced dynamics for a single [Sec. III] and two fermionic impurities [Sec. IV] repulsively interacting with the Fermi sea. We summarize our results giving an outlook and discussing future extensions in Section V. Appendix A elaborates on the details of the many-body simulations and demonstrates their convergence.
II. THEORETICAL FRAMEWORK

A. Setup and quench protocol
We examine a particle-and mass-imbalanced FF mixture consisting of either N B = 1 [Sec. III] or N B = 2 [Sec. IV] impurity atoms immersed in a fermionic sea of N A = 6 particles. Each species is composed of spinpolarized fermions. Furthermore the mass ratio between the species is M B = 6M A , unless it is stated otherwise, which is experimentally realizable e.g. by a mixture of isotopes of 40 K and 6 Li [7, 84] . The mixture is further confined in a one-dimensional species selective external potential, a scenario that can be experimentally achieved using optical trapping [84, 85] . Indeed, the different isotopes exhibit distinct polarizations and therefore experience different potentials. In particular, the majority species (Fermi sea) is trapped in a double-well composed of a harmonic oscillator with frequency ω A and a centered Gaussian barrier characterized by a height h and width w. The impurity atoms experience a harmonic oscillator of frequency ω B = 0.6ω A [see Fig. 1 (a) ]. The many-body Hamiltonian of this system reads
The interspecies interactions are modeled by contact interactions scaling with the effective one-dimensional coupling strength g AB . The latter is an adequate approximation since we operate within the ultracold regime where swave scattering constitutes the predominant interaction process. Note also that s-wave scattering is forbidden for spin-polarized fermions [86] [87] [88] and hence intraspecies interactions are neglected. Moreover, the effective interspecies one-dimensional coupling strength [89] possesses the form g AB =
refers to the reduced mass, ζ is the Riemann zeta function and a s AB denotes the threedimensional s-wave interspecies scattering length. Also, a ⊥ = /µω ⊥ is the transversal length scale with ω ⊥ being the transversal confinement frequency. The interspecies interaction strength g AB can be experimentally adjusted either via a s AB with the aid of Feshbach reso-nances [10, 90] or by means of ω ⊥ utilizing the corresponding confinement-induced resonances [89, 91] . 
2 of frequency ωB and it is immersed in a Fermi sea of six spin-polarized fermions with mass MA = (1/6)MB (dark blue circles). The Fermi sea is initially trapped in a double-well UA(
2 ) composed of a harmonic trap with frequency ωA and a Gaussian barrier of height h and width w. To trigger the dynamics the Gaussian barrier is suddenly switched-off at t = 0 and the system is left to evolve under the influence of UA(
For our purposes the many-body Hamiltonian (1) is rescaled in units of ω A . As a result the length, time, and interaction strength scales are expressed in units of
respectively. The corresponding amplitude of the Gaussian barrier h and its width w are provided in terms of
and M A ω A . Furthermore, for computational convenience the spatial extension of the system is restricted to a finite one by imposing hard-wall boundary conditions at x ± = ±40. This choice does not affect our results since for all numerical simulations the dynamics of e.g. the σ-species singleparticle densities takes place within the spatial interval −15 < x < 15.
The system is initialized in its interspecies interacting ground state of the composite external potential described by the Hamiltonian (1), see also Fig. 1 (a) . Numerically, in order to find the ground state of the system we employ the imaginary propagation or the improved relaxation method within ML-MCTDHX [79] . Note that throughout this work we consider a height h = 8 and width w = 1 of the Gaussian barrier for the fermionic sea, thus having 30 doublets below the maximum of the barrier. Depending on g AB , the emergent ground state of the mixture is characterized by two symmetrically placed fragments of the Fermi sea around x = 0 while the impurity atoms reside at their trap minimum x = 0, see also Fig. 1 (a) . Most importantly, the two species remain spatially separated (immiscible) independently of the value of g AB .
To induce the nonequilibrium dynamics of the FF mixture at t = 0 we suddenly ramp-down the Gaussian barrier of the Fermi sea from h = 8 to h = 0 and let the system evolve in time [see Fig. 1 (b) ]. Quenching the barrier height of the Fermi sea to zero triggers a counterflow between its initially separated fragments favoring an overall breathing motion of this species and a spatial overlap between the different species [ Fig. 1 (b) ]. Consequently, the impurity atoms couple with the quenchinduced excitations of the fermionic sea and form quasiparticles known as Fermi polarons [27, 28, 40, 92] . The aim of the present work is to shed light on the complex motion of a single [Sec. III] and two impurities [Sec. IV] coupled to the fermionic sea for different interspecies interaction strengths within the interval g AB ∈ [0, 4]. Additionally, we shall examine the dependence on the mass ratio between the species and expose the emergent correlation effects with a special focus on impurity-impurity induced correlations mediated by the Fermi sea in the case of two fermionic impurities.
B. Many-body approach
To simulate the quench dynamics of the FF mixture we solve the many-body Schrödinger equation within ML-MCTDHX [79] [80] [81] . This method rests on the expansion of the MB wavefunction in terms of a time-dependent and variationally optimized basis, enabling us to take into account both the inter-and intraspecies correlations. Indeed, the FF mixture is a bipartite composite system whose Hilbert space is 
In this expression, {Ψ σ k } forms an orthonormal N σ -body wavefunction set in a subspace of H σ . Additionally, the Schmidt coefficients λ k (t) in decreasing order are often referred to as natural species populations of the k-th species function Ψ σ k of the σ-species. Most importantly, the system is called entangled or interspecies correlated [93, 94] if more than a single coefficients λ k (t) are significantly populated. In this case, the many-body state [Eq. (2) ] is a complex superposition and not a direct product of two states stemming from H A and H B . As a next step, in order to take into account the intraspecies correlations into our many-body ansatz we further express each of the species functions Ψ σ k ( x σ ; t) with respect to the determinants of different d σ timedependent fermionic single-particle functions (SPFs),
Here, C k,(l1,...,lm σ ) (t) are the time-dependent expansion coefficients of a certain determinant while P is the permutation operator exchanging the particle positions x s , s = 1, . . . , N σ within the SPFs. sign(P i ) provides the sign of the corresponding permutation and K(j) ≡ j ν=1 l ν , with l ν being the occupation of the νth SPF. The eigenfunctions and eigenvalues of the σ-species single-particle reduced density matrix ρ
is the fermionic field operator that annihilates [creates] a σ-species fermion located at position x. Let us note in passing that the diagonal of the σ-species single-particle reduced density matrix corresponds to the σ-species one-body density i.e. ρ (1) σ (x, x = x; t) = ρ (1) σ (x, ; t) which is an experimentally tractable quantity via in-situ imaging [34] . The σ-species is said to be intraspecies correlated when more than N σ natural populations are macroscopically occupied namely 0 < n σ i (t) < 1 with N σ < i < d σ . However, in the case that only N σ natural populations are contributing such that Nσ i=1 n σ i (t) = N σ the many-body wavefunction ansatz reduces to the corresponding HF one [86, 87, 95] , i.e.
Indeed in the limit of D = 1 and d σ = N σ from Eqs. (2) and (3) we retrieve the HF ansatz i.e.
To calculate the ML-MCTDHX equations of motion [79, 96] for the FF mixture we employ the Dirac-Frenkel variational principle [97, 98] for the manybody ansatz as introduced in Eqs. (2) , (3) . In doing so, we obtain a set of D 2 linear differential equations of motion for the coefficients λ k (t) coupled to D[
non-linear integro-differential equations for the species functions and d A + d B integro-differential equations for the SPFs. These constitute the so-called ML-MCTDHF equations of motion [79, 99] .
C. Main observables of interest
To unravel the role of two-body intra-and interspecies correlations during the nonequilibrium dynamics of the FF mixture in a spatially resolved manner, we resort to the second order coherence function [73, 100, 101] g (2) σσ (x, x ; t) = ρ (2) σσ (x, x ; t) ρ (1) σ (x; t)ρ (1) σ (x ; t) .
In this expression,
is the diagonal two-body reduced density matrix. This quantity provides the probability of measuring simultaneously two particles of species σ and σ at positions x and x respectively. Regarding the same or different species, namely σ = σ or σ = σ , |g (2) σσ (x, x ; t)| unveils the existence of intra-or interspecies two-body correlations correspondingly.
The many-body state is referred to as two-body correlated [anti-correlated] when g (2) σσ (x, x ; t) > 1 [g (2) σσ (x, x ; t) < 1] is satisfied while if g (2) σσ (x, x ; t) = 1 holds it is termed fully second order coherent [70, 73, 74, 101] . Furthermore, g (2) σσ (x, x ; t) can be experimentally assessed via in-situ density-density fluctuation measurements [102, 103] .
To reveal the emergence of interspecies correlations or entanglement between the two species of the FF mixture [79, 99, 104] we calculate the eigenvalues λ k of the species reduced density matrix ρ Indeed, in the case that multiple eigenvalues of ρ (Nσ) possess a macroscopic population the system is said to be species entangled or interspecies correlated, otherwise it is termed non-entangled. To quantify the degree of the system's entanglement we employ the so-called vonNeumann entropy [105, 106] 
This quantity vanishes in the, non-entangled, HF limit, namely S(t) = 0 since λ 1 (t) = 1. However, for a beyond HF state where more than a single λ k is nonzero S(t) = 0.
To unveil the degree of the intraspecies correlations or fragmentation of each species we extract the eigenvalues of the σ-species one-body reduced density matrix, ρ (1) σ (x, x ; t), being the so-called σ-species natural populations n σ i (t). As discussed above [Sec. II B] it can be easily shown that if
we can retrieve the corresponding HF wavefunction i.e.
. Indeed, the system's wavefunction deviates from the HF state only when more than N σ natural orbitals are occupied [74, 86, 107] . Therefore, in order to identify the degree of the σ-species fragmentation we measure the deviation
This quantity offers an indicator for the occupation of the d σ − N σ natural orbitals and therefore F σ (t) > 0 signifies the deviation from a HF state.
To estimate the breathing motion, namely the expansion and contraction dynamics [70, 108, 109] of the σ-species fermionic cloud we inspect the corresponding position variance
refer to one-body operators. Also, R denotes the spatial region of integration being in our case R ∈ [−40, 40]. X 2 σ (t) probes the spatial size of the σ-species cloud at each time instant of the evolution [34] and it is experimentally accessible [110] .
III. QUENCH DYNAMICS OF A SINGLE IMPURITY
We assume a heavy impurity, N B = 1, repulsively interacting with a one-dimensional Fermi sea of N A = 6 fermions. Recall that in one-dimension a Fermi sea with N A > 5 atoms approaches the behavior of a many-body fermionic environment as it has been demonstrated in Refs. [14, 40] . The mass imbalance is fixed to M B = 6M A unless it is stated otherwise. The system is trapped in a species selective optical potential and it is initially prepared into its ground state described by the Hamiltonian of Eq. (1). In particular, the Fermi sea is confined in a double-well potential characterized by a frequency ω A = 0.1, barrier height h = 8 and width w = 1 whilst the impurity is trapped in a harmonic oscillator potential of frequency ω B = 0.6ω A [84] .
This setup enforces an initial state of negligible spatial overlap between the species, immiscible components [73, 74] , independently of the value of the interspecies coupling g AB [ Fig. 1 (a) ]. Specifically, the impurity is located around its trap center while the atoms of the Fermi sea are symmetrically placed with respect to x = 0 in the left and right sides of their double-well, e.g. see Fig. 3 (d). Note that such a ground state configuration resembles the one for the same setup with h = 0 and strong interspecies repulsion [74] . To induce the dynamics we ramp-down at t = 0 the potential barrier of the Fermi sea from h = 8 to h = 0 and monitor the time-evolution of each species for a wide range of weak and strong interspecies repulsions lying in the interval g AB ∈ [0, 4]. Moreover, the emergent dynamical response is showcased both within the ML-MCTDHX many-body approach and the commonly used HF theoretical framework.
A. One-body density evolution and position variance
To inspect the quench-induced dynamics of the FF mixture we first invoke the time-evolution of the σ-species one-body density [ Fig the one-body density of the Fermi sea, due to the presence of the potential barrier, is initially segregated into two fragments. In particular, each fragment exhibits three local density maxima indicating that three fermions are located in the left and the other three at the right side of the double-well [74] . Note that a larger g AB essentially causes a slightly increasing phase separation between the two species [74, 75] , compare The quench triggers a counterflow dynamics of these fragments and ρ (1) A (x; t) performs an overall breathing motion of frequency ω br A ≈ 0.2 = 2ω A for every g AB [108, 111] and in both approaches [Figs. 4 (a), (c), (e)]. Note that the instantaneous density patterns building upon ρ (1) A (x; t) depend crucially on both the value of g AB and the correlations (see the discussion below). This breathing motion of ρ (1) A (x; t) is directly captured by the oscillatory motion of the corresponding position variance X 2 A (t) which is found to be almost the same in both the HF and the many-body approaches for every g AB . We remark that only some minor deviations occur in the shape of X Focusing on weak repulsions, e.g. g AB = 0.3, and within the HF framework we observe that after the quench the initially separated density fragments of the Fermi sea [ Fig. 3 (a) ] come close and collide around x = 0 forming a peak at the same location and two local density minima symmetrically placed with respect to x = 0 [ Fig. 3 (b) ]. Subsequently ρ (1) A (x; t) splits again into two counter propagating density fragments, each of them exhibiting three local maxima, traveling towards the edges of the harmonic trap and having a more shallow density dip at x = 0 compared to the one at t = 0, see Figs. 
(a), (c). This motion of ρ (1)
A (x; t) is periodically repeated in the course of the evolution, thus reflecting the counterflow dynamics of the Fermi sea [ Fig. 2 (a) ]. On the other hand, the impurity which is not directly affected by the quench is implicitly perturbed by the Fermi sea due to the finite g AB . More precisely, the impurity resides at the trap center during the entire time-evolution B (x; t) exhibits an overall expansion tendency which is not present in the HF evolution. This overall expansion of ρ (1) B (x; t) during the evolution is also represented by the increasing tendency of the amplitude of its position variance X 2 B (t) as illustrated in Fig. 4 (b) . Additionally, the density dip of ρ (1) A (x; t) formed after the collision of the fragments at x = 0 is shallower in the many-body [ Fig. 2 (a) ]. The latter results to a relatively larger spatial overlap between the components in the course of time, and thus to a larger degree of miscibility, within the many-body approach [52, 73, 74] .
(c)] compared to the HF case [
Increasing the interspecies repulsion, for instance to g AB = 1, and referring to the HF evolution [ Figs. 2 (e), (f)] it becomes evident that the dynamical spatial separation between the species is enhanced compared to g AB = 0.3, see also the instantaneous density profiles in Figs. 3 (g)-(i) . Moreover, the density fragments building upon ρ (1) A (x; t) and accompanied by a dip around x = 0 persist during the entire time-evolution. Note that the dip appearing in the vicinity of x = 0 is shallower within the time-interval of contraction of ρ (1) A (x; t) whilst it is deeper during the expansion of ρ (1) A (x; t) [ Fig. 2 (e) ]. Consequently the impurity's cloud is effectively trapped by the density dip of ρ (1) A (x; t) and shows a rather localized shape forming a density peak which is centered at x = 0. The above-mentioned behavior of each of the species becomes more pronounced for stronger repulsive values of g AB , as it can be readily seen by monitoring the dynamics of each ρ (1) σ (x; t) presented in Figs. 2 (i), (j) for g AB = 4. Indeed, the impurity possesses a highly localized density distribution which lies around the density dip of ρ (1) A (x; t) for all times and as a consequence gives rise to a complete dynamical phase separation between the species, see Figs. 2 (i), (j). Note also here that the density dip of ρ (1) A (x; t), with ρ Turning to the correlated dynamics for strong interactions we can infer that an overall similar dynamics to the HF case takes place but significant alterations occur for the instantaneous pattern formation of both species. Referring to the Fermi sea it can be deduced that both the density dips and the fragments of ρ Fig. 2 (j) . This spreading behavior of ρ (1) B (x; t) together with the fact that the density dip of ρ (1) A (x; t) is shallower in the many-body case results to a smaller degree of phase separation between the species when correlations are taken into account. For instance, inspecting ρ 
B. Effect of mass-imbalance on the dynamics
To investigate the impact of the impurity mass on the nonequilibrium dynamics of the FF mixture we next inspect the behavior of the σ-species position variance X 2 σ (t) , serving as an indicator of each species dynamical response, for fixed g AB but different masses of the impurity particle. Specifically, we consider a mass-balanced mixture i.e. M A = M B with ω A = ω B corresponding to two distinct hyperfine states of 6 Li [14, 15] and a highly mass-imbalanced system where M B = 173/6M A and ω B = 0.0125ω A which is realized by the species 173 Yb and 6 Li [112, 113] . The dynamics of the FF mixture is induced by a sudden change of the height of the potential barrier from h = 8 to h = 0 as in Sec. III A. Figure 4 presents X 2 σ (t) for the above-mentioned systems and for specific interspecies interaction strengths, namely g AB = 0.3, 1 and 4. As it can be seen, the dynamical response of the Fermi sea is almost insensitive to the mass of the impurity. Indeed for fixed g AB the variance X 2 A (t) performs an oscillatory motion, reflecting the breathing dynamics of the fermionic bath, whose amplitude and frequency are essentially unaffected by the mass of the impurity, see Figs. 4 (g), (i) and (k). To be more precise, the amplitude of X 2 A (t) is slightly smaller for the mass-balanced than the mass-imbalanced case for every g AB , a result that is more pronounced at g AB = 1 [ Fig. 4 (i) ]. This behavior can be attributed to the fact that a light impurity perturbs its bath to a smaller extent than a heavier one [61, 70] .
On the contrary, the dynamical response of the impurity for a fixed g AB depends crucially on its mass as illustrated in Figs. 4 (h), (j) and (l) . Evidently, for a specific g AB the variance of the impurity X 2 B (t) shows an "irregular" oscillatory pattern with an overall increasing amplitude indicating its tendency to disperse within the fermionic bath. Most importantly, the amplitude of X 2 B (t) is drastically larger in the case of a light than a heavy impurity independently of the value of g AB , a result that is particularly pronounced at intermediate interactions e.g. g AB = 1 [ Fig. 4 (j) ]. However, comparing X 2 B (t) for the heavy impurities we observe that it acquires smaller values for a reduced mass but its overall shape is not significantly affected [Figs. 4 (h), (j) and (l)]. Notice also here that for the mass balanced case the degree of miscibility between the species is enhanced compared to the heavy impurity case (results not shown for brevity), a behavior that is already known to occur in both the ground state properties [75] as well as during the nonequilibrium dynamics [74, 107] of FF mixtures.
C. Quantifying the degree of inter-and intraspecies correlations
To estimate the importance of the interspecies entanglement and intraspecies correlations (or fragmentation) of the many-body state describing the nonequilibrium dynamics of the FF mixture we next employ the vonNeumann entropy S(t) [Eq. (6) ] and the σ-species fragmentation measure F σ (t) introduced in Eq. (7) . Recall that the system is termed non-entangled in the case of S(t) = 0, while it is called entangled or interspecies correlated in the case of S(t) = 0. Furthermore, the presence of intraspecies correlations is designated by F σ (t) > 0 (see also Sec. II C). Let us remark that in the case of a single impurity atom, as the one considered herein, it follows from the Schmidt decomposition of Eq. (2) that λ k (t) ≡ n B k (t). Therefore the degree of fragmentation of the impurity here coincides with the degree of interspecies correlations [40, 74, 79] . As a result, below we examine only S(t) and F A (t) because S(t) provides information about the degree of fragmentation of the impurity. It is also important to mention that since the fermions of the same species are assumed here to be spinpolarized, and therefore non-interacting, the manifestation of intraspecies correlations during the dynamics is caused due to the occurrence of interspecies interactions and correlations [86] [87] [88] .
The time-evolution of S(t) and dtF A (t). Since the initial state of the system exhibits an approximately perfect phase separation, see e.g. Fig. 3 (d) , it holds that S(t = 0) = 0 and F A (t = 0) = 0 reflecting the vanishing inter-and intraspecies correlations at t = 0 for arbitrary g AB [Figs. 5 (a), (b) ]. As time evolves we observe the build up of both inter-and intraspecies correlations identified by the non-zero values of S(t) and F A (t) respectively [74, 114] . In particular, the behavior of the correlation measures can be classified into three different interaction regimes marked as I, II and III in Fig. 5 .
For weak interactions i.e. 0 < g AB < 0.2 (region I) the amount of entanglement and intraspecies correlations of the Fermi sea is relatively small since both S(t) and F A (t) are suppressed. This statement is also supported by the fact that the average valuesS < 0.2 andF A < 0.1 in this region [Figs. 5 (c), (d)] and exhibit a systematically increasing tendency for larger g AB . Interestingly, for intermediate interactions 0.2 < g AB < 2 we enter region II where S(t) and F A (t) increase during the evolution and subsequently tend to saturate to a certain finite value for t > 80 [ Figs. 5 (a), (b) ]. The non-negligible effect of correlations for 0.2 < g AB < 2 is also testified by the noticeable increasement of bothS andF A which acquire their maximum values around g AB ≈ 1.2. The aforementioned behavior e.g. ofS(t),F A (t) signifies that the underlying many-body state is strongly entangled and intraspecies correlated in this region. Entering the strongly interacting regime III characterized by g AB > 2 both S(t) and F A (t) possess smaller values than in region II and most importantly exhibit an oscillatory behavior taking values in the interval [0.05, 0.25]. As a consequenceS andF A become smaller compared to region II. We remark that the oscillations of S(t) and F A (t) occur due to the oscillatory behavior of the system between miscibility and immiscibility observed in the evolution of the σ-species single-particle densities [Figs. 2 (k), (l) To unveil the effect of the mass of the impurity on the average amount of interparticle correlations we inspect the behaviorS andF A as a function of g AB for different masses of the impurity in Figs. 5 (c), (d) . As it can be readily seen the overall behavior of bothS andF A with respect to g AB is not affected by the mass of the impurity. NamelyS andF A increase within region I, maximize in region II and then tend to saturate in region III possessing also a smaller value than in region II. However, as shown in Figs. 5 (c), (d) both inter-and intraspecies correlations exhibit a hierarchy in terms of the mass of the impurity, i.e. there is a smaller amount of correlations for a heavier impurity. This observation indicates that mass-balanced setups are more prone to correlation effects than mass-imbalanced ones, a behavior that has already been observed in the nonequilibrium dynamics of different setups [70, 74] and it is related to the mobility of the impurity [27] .
D. Two-body correlation dynamics
To reveal the underlying two-body correlation properties of the FF mixture [115] , we study the corresponding two-body intra-and interspecies correlation functions, g (2) σσ (x, x , t) [Eq. (5)], in the course of the many-body quench dynamics [ Fig. 6 ]. We remind that for two particles of species σ and σ located at x and x respectively if g (2) σσ (x, x ; t) > 1 [g (2) σσ (x, x ; t) < 1] holds it indicates the emergence of two-body correlations [anti-correlations]. However in case that g σσ (x, x ; t) = 1 is satisfied the two particles are uncorrelated. Note also that for the setup under consideration involving only a single impurity the intraspecies two-body correlation function for the B-species is by definition zero. Therefore, below we investigate the time-evolution of g Regarding the Fermi sea we observe that the diagonal g (2) AA (x, x = x, t) < 1, see Figs. 6 (a)-(d), throughout the evolution implying that two fermions are not 
Instantaneous two-body (a)-(d) intraspecies g (2)
AA (x, x ; t) and (e)-(f) interspecies g (2) AB (x, x ; t) correlations for strong interaction strength gAB = 4 at different timeinstants of the evolution (see legend). The mixture consists of NA = 6 fermions and a heavy single impurity NB = 1 with MB = 6MA. The Fermi sea is initially trapped in a doublewell and the impurity in a harmonic trap. The dynamics is induced by quenching the height of the central potential barrier of the double-well to zero.
likely to reside at the same location as a consequence of the Pauli exclusion principle. Recall that the singleparticle density of the fermionic bath ρ (1) A (x; t) is splitted into two fragments, created by the initial double-well potential and the presence of strong repulsions. Each of these fragments exhibits at most three local maxima, see Fig. 2 (k) and Figs. 3 (p)-(r) . Therefore the fact that g (2) AA (x, x = x, t) < 1 indicates also that only one fermion can populate each of these local density maxima. Most importantly, two-body correlations occur between different spatial regions of the Fermi sea since g (2) AA (x, x = x, t) > 1 holds predominantly during the evolution [ Figs. 6 (a)-(d) ]. This behavior of g (2) AA (x, x = x, t) signifies that two fermions of the bath either reside in the same fragment but e.g. distinct local density maxima or they are simply located at different density fragments.
Turning to the interspecies two-body correlations it is evident by the structures building upon g (2) AB (x, x , t) [Figs. 6 (e)-(h)] that a phase separation between the impurity and the fermionic bath occurs during the evolution. Indeed an anti-correlated behavior takes place between one fermion of the bath and the impurity in the vicinity of x = 0 as it can inferred by g (2) AB (x = 0, x = 0, t) < 1 for all evolution times. However, the impurity is strongly correlated with a fermion residing at the density notch of the fermionic bath, see e.g. g (2) AB (−0.1 < x < 0.1, −2 < x < −0.2, t) > 1 and g (2) AB (−0.1 < x < 0.1, 0.2 < x < 2, t) > 1 in Figs. 6 (e)-(h). The remaining spatial regions lying beyond the spatial extension of the impurity cloud are predominantly two-body uncorrelated i.e. g (2) AB (x > 2, −2 < x < 2, t) ≈ 1 and g (2) AB (x < −2, −2 < x < 2, t) ≈ 1. Notice also here that on the single-particle density level we observe that the impurity and the Fermi sea are miscible (immiscible) in the time intervals of contraction (expansion) of the cloud of the Fermi sea as shown in Figs. 2 (k), (l). Interestingly, on the two-body level we can deduce that a phase separation between the impurity and the Fermi sea occurs throughout the dynamics. For instance, at t = 16 where miscibility is inferred between the corresponding single-particle densities, see Fig. 3 (q) , an apparent immiscibility occurs on the two-body level, see e.g. g (2) AB (x = 0, x = 0, t = 16) < 1 in Fig. 6 (f) . Concluding we can deduce that for the many-body dynamics the phase separation between the species is evident only on the two-body level and not by simply observing the corresponding σ-species single-particle densities, a result that suggests a tendency to an anti-ferromagnetic like state of the system [74, 99] .
IV. QUENCH DYNAMICS OF TWO FERMIONIC IMPURITIES
Having discussed the nonequilibrium dynamics of a single impurity immersed in a Fermi sea in Sec. III we now analyze the dynamics of the same setup but including two fermionic impurities, i.e. N B = 2. All other system parameters are identical to the previous Sec. III, namely N A = 6 fermions and M B = 6M A unless it is stated otherwise. Moreover, the Fermi sea is initially trapped in a double-well potential of frequency ω A = 0.1, barrier height h = 8 and width w = 1 while the impurities reside in a harmonic oscillator with ω B = 0.6ω A . The mixture is initialized in its ground state described by the Hamiltonian of Eq. (1). As in Sec. III the species selective external potential induces initially a phase separation between the species almost independently of the value of g AB or the level of correlations i.e. HF and many-body approaches. In particular, the single-particle density of the impurities corresponds to a two-humped Gaussian located at the trap center while for the Fermi sea it is segregated into two fragments each of them having three local density maxima [ Fig. 8 (d) ]. Notice that an increasing repulsion g AB gives rise to a slightly larger degree of phase separation between the species, see for instance Fig. 8 (d) and Fig. 8 (p) . The dynamics of the system is triggered by switching-off the potential barrier of the Fermi sea at t = 0 from h = 8 to h = 0.
A. Dynamics of the density and the variance
To monitor the quench dynamics of the FF mixture we inspect the σ-species single-particle density [ Fig. 7 ] and the underlying variance X 2 σ (t) [Fig. 9 ] after the quench for varying interspecies repulsion. Quenching the potential barrier height of the Fermi sea from h = 8 to h = 0 induces a counterflow of the initial density fragments and as a consequence an overall breathing motion of ρ (1) A (x; t) takes place with frequency ω br A ≈ 0.2 = 2ω A . Interestingly, this collective motion is found to be almost insensitive of g AB [73, 74] and the presence of correlations as identified by the oscillatory motion of X 2 A (t) illustrated in Figs. 9 (a), (c), (e). Indeed, only small deviations are seen in X 2 A (t) between the HF and the many-body methods being more pronounced for intermediate interactions, e.g. g AB = 1 in Fig. 9 (c) .
For weak interspecies repulsions, such as g AB = 0.3 shown in Figs. 7 (a), (b) , the initial density fragments of the Fermi sea in the HF approach [ Fig. 8 (a) ], following the quench, collide at the postquench trap center i.e. x = 0 forming a wider distribution [ Fig. 8 (b) ]. The latter consequently breaks into two density fragments each of them possessing three local maxima and moving to the corresponding edge of the harmonic trap where the first period of the breathing motion is completed. A similar to the above-described motion is repeated for later evolution times at every breathing period Fig. 7 (a) . Notice also that the density dip of the splitted ρ (1) A (x; t) at x = 0 is shallower during the dynamics than at t = 0, see Figs. 8 (a), (c). As a result of the motion of the Fermi sea, the impurities are perturbed performing also a breathing dynamics around the trap center [ Fig. 7 (b) ] while their one-body density exhibits a two-hump structure [74] , see Figs. 8 (a)-(c) . Indeed, X 13. Also, the mixture remains miscible, at least on the one-body level, for the entire time-evolution due to the spatially overlapping single-particle densities of the two species, see Figs. 7 (a), (b) . The same overall dynamical response occurs for both species also within the many-body framework, see Figs. 7 (c), (d) . The most noticeable difference compared to the HF evolution is that ρ (1) B (x; t) shows an overall expansion tendency as identified by the increasing amplitude of X 2 B (t) which simultaneously oscillates as depicted in Fig. 9 (b) . Moreover, the density maxima appearing in the fragmented structure of ρ (1) A (x; t) are slightly shallower within the many-body [ Fig. 8 (f) ] Evolution of the σ-species one-body density ρ as compared to the HF approach [ Fig. 8 (c) ].
For larger interspecies repulsions, e.g. g AB = 1, we observe a tendency for phase separation between the species [Figs. 7 (e), (f)] in the HF framework, a behavior that takes place already in the case of single impurity [ Figs. 2 (e), (f)]. This tendency for spatial phase separation is also clearly visualized by the density snapshots presented in Figs. 8 (g)-(h) . Here, in contrast to the weakly interacting case, the fragmented structure of ρ (1) A (x; t) persists throughout the evolution. Accordingly, the density dip of ρ (1) A (x; t) around x = 0 effectively traps the impurities whose density exhibits a localized two-hump distribution in the vicinity of the trap center, see Figs. 8 (g), (h). In particular, the impurities perform an "irregular" contraction and expansion dynamics as captured by the multifrequency and non-constant amplitude os- A (x; t) either completely disappear [ Fig. 8 (k) ] or their number reduces [ Fig. 8 (l) ] while being much shallower than in the HF approach. Also the density dip of ρ (1) A (x; t) around x = 0 becomes more shallow and wider in the many-body dynamics, compare Fig. 8 (h) with Fig. 8 (k) , or exhibits two local minima at the location of the humps of ρ (1) B (x; t) [ Fig. 8 (l) ]. As a consequence of the wider density dip of ρ (1) A (x; t) which acts as an effective trap for ρ (1) B (x; t), the latter appears to be wider from the HF case. Moreover, ρ Entering the strongly interacting regime, g AB = 4, a complete phase separation between the species occurs within the HF approach, see Figs. 7 (i), (j). The singleparticle density of the Fermi sea is segregated having two fragments, each of them exhibiting three local density maxima, while remaining fully dipped in the vicinity of x = 0 throughout the evolution [Figs. 8 (m)-(o) ]. In turn, the impurities density distribution ρ (1) B (x; t) is quite localized being effectively trapped within the density dip of ρ (1) A (x; t) and shows a two-hump structure. Moreover, ρ (1) B (x; t) contracts and expands in the course of the evolution, a behavior that can be identified by the multifrequency small amplitude oscillations of X 2 B (t) [ Fig. 9  (f) ]. Here, the dominant participating frequencies corrrespond to ω 1 ≈ 0.19, ω 2 ≈ 0.31 and ω 3 ≈ 0.63. Within the many-body approach a similar to the above-described dynamical response occurs for each species, see Figs. 7 (k), (l). However, the local density maxima in each fragment of ρ (1) A (x; t) appear to be more shallow than their HF counterparts and the density dip of ρ (1) A (x; t) is slightly wider, see Figs. 8 (q), (r) . Additionally, the width of ρ (1) B (x; t) is somewhat larger as compared to the HF case [ Fig. 7 (l) and Fig. 8 (q), (r) ] and the two-hump structure is lost at certain time-intervals of the contraction of ρ (1) B (x; t), see e.g. Fig. 8 (q) . Indeed, also here the impurities cloud undergoes a breathing motion with a slightly increased amplitude compared to the HF case as can be seen from the multifrequency oscillatory behavior of X 2 B (t) illustrated in Fig. 9 (f) . Note that the predominant frequencies of these oscillations are ω 1 ≈ 0.19, ω 2 ≈ 0.38 and ω 3 ≈ 0.6. Finally, there is a small spatial overlap between ρ (1) A (x; t) and ρ (1) B (x; t) in the many-body [ Fig. 8 (q) ] as compared to the HF case [ Fig. 8 (n) ], leading in turn to a smaller degree of phase separation in the former case.
B. Impact of the impurities mass
Next, we study the influence of the impurities mass on the overall expansion of each species by invoking the σ-species position variance X Fig. 9 (k) ]. Namely, for heavier impurities the decay of the oscillation amplitude of X 2 A (t) is more pronounced and the corresponding frequency becomes smaller. Additionally, the oscillation amplitude of X 2 A (t) is reduced in the case of a light impurity since it affects less its bath compared to a heavier one.
Turning to the impurities, we observe that the dynamical behavior of X shows an overall increasing tendency while oscillating further suggesting that the mobility of impurities is larger for a decreasing mass [27] .
C. Degree of correlations
In order to reveal the presence of inter-and intraspecies correlations in the course of the evolution of the FF mixture we resort to the corresponding von-Neumann entropy S(t) described by Eq. (6) and the deviation from unity F σ (t) of the first N σ natural populations, see also Eq. (7). As already argued in Sec. (II C), the many-body state of the mixture is termed interspecies correlated only if S(t) = 0 [74, 114] while it is said to be intraspecies correlated when F σ (t) > 0 [74, 107] . We also remind at this point that we consider spin-polarized fermions in each species and therefore the existence of intraspecies correlations is induced by the presence of interspecies ones [52, 74, 115] . Figure 10 . Dynamics of (a) the von-Neumann entropy S(t), and the deviation from unity of (b) the first six natural populations of the Fermi sea FA(t) and (c) the first two natural populations of the impurities FB(t) for different repulsions gAB. The system comprises of NA = 6 fermions and two spin-polarized impurities NB = 2 having a mass-imbalance of MB = 6MA. Time-averaged (d) von-Neumann entropy i.e.
S(t), (e)FA(t) and (d)FB(t) for three different masses of the impurities (see legend)
. The vertical dashed gray lines mark the three interaction regimes at which the correlation measures exhibit a distinct behavior. In all cases the dynamics is induced at t = 0 by a sudden ramp-down of the potential barrier of the Fermi sea. [Figs. 10 (e)-(f)] for varying g AB after quenching the barrier height of the Fermi sea from h = 8 to h = 0 when M B = 6M A . We remark that an overall similar phenomenology to the single impurity case [ Fig. 5 ] occurs for the correlation measures S(t), F A (t), F B (t) and their time-averaged counterpartsS,F A andF B respectively. However, as can be deduced by comparing Fig. 5 and Fig. 10 the degree of correlations is enhanced and their increase with respect to g AB is steeper in the case of two impurities.
In particular, the mixture is initially phase separated and therefore the degree of both inter-and intraspecies correlations vanishes for every g AB namely S(t = 0) = 0, F A (t = 0) = 0 and F B (t = 0) = 0, see Figs. 10 (a), (b), (c). Moreover, during the evolution we can infer the development of inter-and intraspecies correlations followed by the consecutive increase of S(t), F A (t) and F B (t) whose response can be divided into three distinct interaction regimes indicated by I, II and III in Fig.  10 . More specifically, within region I characterized by 0 < g AB < 0.2 the degree of inter-and intraspecies correlations is small sinceS < 0.3,F A < 0.1 andF B < 0.05 [ Figs. 10 (d) , (e), (f)]. However, for increasing interactions 0.2 < g AB < 2.2 (region II) the interparticle correlations are significantly enhanced which can be identified via the macroscopic values of S(t), F A (t) and F B (t) as time evolves, see Figs. 10 (a), (b), (c) . Indeed, the impact of correlations is maximized in this region II since alsoS,F A andF B show an increasing tendency for a larger g AB and reach their maxima in the vicinity of g AB ≈ 0.8. For stronger interactions, namely g AB > 2 (region III), the degree of inter-and intraspecies correlations is reduced compared to region II but it still remains non-negligible. The decreasing role of correlations in this region is testified by the oscillating behavior of S(t), F A (t) and F B (t) between the values 0.05 and 0.25 as well as the smaller average values ofS,F A andF B than in region II. This reduced tendency of interparticle correlations can be attributed to the emergent phase separation between the species for strong interactions, see e.g. Figs. 7 (k), (l) .
Furthermore, the time-averaged correlation measures for different impurities mass are illustrated in Figs. 10 (d), (e), (f) with respect to g AB . Evidently, the overall shape ofS,F A andF B for increasing g AB remains qualitatively similar for varying impurities mass but the corresponding values of these measures depend on M B . Indeed, we observe thatS,F A andF B are larger for the light impurities case while they do not significantly change between the M B = 6M A and M B = (173/6)M A cases. It is worth mentioning here that the corresponding clear hierarchy of inter-and intraspecies correlations in terms of M B appearing for a single impurity [ Fig. 10 ] is somewhat distorted for two impurities. However, the fact that mass-balanced mixtures become more correlated in the course of the evolution than mass-imbalanced ones holds independently of the number of impurities.
D. Two-body correlations and induced impurity-impurity interactions
To expose the intra-and interspecies two-body correlation mechanisms that participate in the nonequilibrium dynamics, we next monitor the two-body correlation functions g (2) σσ (x, x , t) introduced in Eq. (5). Recall that the case of g (2) σσ (x, x ; t) > 1 [g (2) σσ (x, x ; t) < 1] signifies the occurrence of two-body correlations [anticorrelations] between two particles of species σ and σ respectively while for g σσ (x, x ; t) = 1 the two particles are uncorrelated. The emergent time-evolution of the two-body correlation functions within and between the species after a quench of the potential barrier height of the Fermi sea from h = 8 to h = 0 in the case of M B = 6M A and for g AB = 4 is shown in Fig. 11 .
Focusing on the dynamics of g (2) AA (x, x , t) [ Figs. 11  (a)-(d) ] we observe that similar to the single impurity case, see also Figs. 6 (a)-(d) , correlation patterns are formed. First, due to the Pauli exclusion principle two fermions can not reside at the same location and therefore two-body anti-correlations occur in the diagonal i.e. g (2) AA (x, x = x, t) < 1 [ Figs. 11 (a)-(d) ] for the entire evolution. However, two-body correlations develop between different spatial regions indicated by the fact that the off-diagonal elements satisfy g (2) AA (x, x = x, t) > 1. Also since ρ (1) A (x; t) shows two fragments, with each of them having at most three local maxima [Figs. 8 (p)-(r)], the fact that g (2) AA (x, x = x, t) > 1 implies that two fermions of the Fermi sea populate either the same fragment but different local density maxima or they reside at different fragments. 
AA (x, x ; t), (e)-(h) impurity-impurity g (2) BB (x, x ; t) and (i)-(l) interspecies g (2) AB (x, x ; t) correlations at strong interactions gBI = 4 at different times of the evolution (see legend). The Fermi sea comprises of NA = 6 atoms trapped in a double-well and the heavy single impurity NB = 1 with MB = 6MA is confined in a harmonic trap. To induce the dynamics we follow a quench of the height of the central potential barrier of the double-well to zero.
Turning to the impurities correlation function i.e. g (2) BB (x, x ; t) [Figs. 11 (e)-(h)] we can infer that it mainly alternates between two different patterns and most importantly it suggests the emergence of attractive impurity-impurity induced interactions which are of course mediated by the Fermi sea. The correlation hole appearing in the diagonal of g (2) BB (x, x = x; t) throughout the evolution stems from the Pauli's exclusion principle that prevents two spin-polarized fermions to reside at the same position. Recall that ρ (1) B (x; t) performs a breathing motion exhibiting a two-hump structure during its expansion and a Gaussian-like distribution when it contracts, see also Figs. 7 (k), (l) and Figs. 8 (p)-(r). The aforementioned correlation patterns building upon g (2) BB (x, x ; t) are in turn related to this breathing motion. Indeed when ρ (1) B (x; t) expands the two fermions are likely to be close to the trap center with one of them residing around 0 < x < 2 and the other at −2 < x < 0 as can be deduced from the fact that g (2) BB (x, x ; t) > 1 [ Figs. 11 (e), (g)]. In this case each fermion is located on the side of either the left (x < 0) or the right (x > 0) hump of ρ (1) B (x; t). However, during the contraction of ρ BB (1 < x < 2, −1 < x < 0; t = 16) > 1, and longer distance regions become two-body anti-correlated, see e.g. g (2) BB (−2 < x < −1, 0.1 < x < 2; t = 16) < 1. This latter behavior of g (2) BB (x, x ; t) manifests an attractive tendency between the impurities and it is suggestive of the emergence of attractive induced interactions between the impurities [82, 83] .
On the other hand, the two-body interspecies correlation function g (2) AB (x, x , t) [Figs. 11 (i)-(l)] reveals from a two-body perspective the phase separated behavior between the impurities and the Fermi sea, already discussed on the single-particle level, see also Figs. 7 (k), (l). For instance, two-body anti-correlations occur between a fermion of the bath and one of the impurities around the trap center x = 0 since g (2) AB (x = 0, x = 0, t) < 1. Additionally, two-body correlations emerge among an impurity atom and a fermion of the bath located in either the left (x < 0) or the right (x > 0) vicinity of the density notch of the Fermi sea, see e.g. g (2) AB (0 < x < 0.1, −2 < x < −0.8, t) > 1 and g (2) AB (−0.1 < x < 0, 0.5 < x < 2, t) > 1 in Figs. 11 (i)-(l). Notice that regions beyond the spatial extension of ρ (1) B (x; t) exhibit in essence a two-body uncorrelated behavior e.g. g (2) AB (x > 2, −2 < x < 2, t) ≈ 1 and g (2) AB (x < −2, −2 < x < 2, t) ≈ 1. Having identified signatures of attractive impurityimpurity induced interactions mediated by the Fermi sea in the spatiotemporal evolution of the impurities twobody correlation function g In particular, we aim to expose the existence of impurity-impurity correlations by constrasting X 2 B (t) in the case of two explicitly uncorrelated impurities with the corresponding variance of two fermionic impurities. Recall that such a comparison has already been used in the case of bosonic impurities in order to illustrate the presence of impurity-impurity correlations [83] . As a case example for this comparison we invoke a mass balanced FF mixture consisting of a single or two impurities and showcase X 2 B (t) for a single, two uncorrelated and two fermionic impurities in Fig. 12 for different interspecies interactions strengths g AB . As already discussed in Secs. III and IV X 2 B (t) for both a single and two impurities and independently of the value of g AB exhibits an "irregular" oscillatory behavior with an overall increasing tendency. Most importantly, closely inspecting Fig. 12 we can infer that X 2 B (t) of two uncorrelated impurities acquires larger values than X 2 B (t) referring to two fermionic impurities. This behavior indicates the involvement of induced correlations between the fermionic impurities mediated by the Fermi sea, thus further supporting the attraction tendency between the impurities observed in their two-body correlation function g (2) BB (x, x ; t). We remark a similar phenomenology occurs also for heavier impurities and other interspecies repulsions (not shown here for brevity).
V. CONCLUSIONS
We have investigated the nonequilibrium correlated quantum dynamics of a single and two heavy fermionic impurities immersed in a one-dimensional Fermi sea. The latter is initially trapped in a double-well while the impurities reside in a harmonic oscillator. The mixture is prepared in its ground state and the dynamics is triggered by ramping down the central potential barrier of the double well, thus inducing a counterflow of the Fermi sea which in turn perturbs the impurities. The emergent dynamics is studied in detail on both the one-and two-body level for a wide range of repulsive interspecies interactions and selected mass ratios. To infer the crucial role of correlations we directly compare and contrast the predictions of the Hartree-Fock and the many-body approach. A multitude of interesting phenomena is revealed such as phase separation processes leading to a mixing demixing dynamics, breathing of a strongly correlated Fermi sea and impurity-impurity induced interactions.
Focusing on the single impurity case and weak repulsions we show that in the HF approach the system exhibits a periodic mixing-demixing dynamics. Both clouds perform a breathing motion with the impurity residing at the trap center and the Fermi sea splitting into two counter propagating density fragments during expansion which recombine at the contraction points. A similar dynamical evolution of both components takes place also in the many-body case but the impurity shows an overall expansion tendency which is absent in the HF evolution and in turn results in a relatively larger spatial overlap between the components in the course of time as compared to the HF case. Entering the intermediate and strongly repulsive regime of interactions and both in the HF and the many-body evolution we reveal that the dynamical spatial separation between the species is enhanced especially for stronger repulsions. Here, the impurity cloud possesses a rather localized shape and performs a weak amplitude and multifrequency breathing motion. However in the presence of correlations the density of the impurity is more spread leading to a smaller degree of phase separation between the species while the structures building upon the density of the Fermi sea become shal-lower compared to the HF case. Moreover, we unveil that the dynamical response of the Fermi sea is almost insensitive to the mass of the impurity while the expansion tendency of a lighter impurity is more pronounced indicating its tendency to disperse within the fermionic bath independently of the interspecies repulsion.
For two fermionic impurities we observe a similar to the above-described dynamical behavior of each species at weak, intermediate and strong repulsions both in the HF and the many-body framework. Namely, the quench protocol enforces a counterflow of the Fermi sea while performing an overall breathing motion. Also the structures building upon the density of the Fermi sea appear to be shallower in the many-body case as compared to the HF framework. Consequently, the impurities exhibit a breathing motion in the HF case and an additional expansion trend within the many-body approach. For strong interactions, a phase separation between the species occurs in the course of time which is found to be more prominent in the HF as compared to the manybody evolution. The degree of phase separation at a fixed interaction is found to be larger for two fermionic impurities as compared to a single one. Additionally, we reveal that the impurities mass affects noticeably the response of both species contrary to the single impurity case. Indeed, the expansion amplitude of the Fermi sea is reduced for light impurities while it exhibits a decaying behavior for heavier ones. Regarding the impurities we showcase that their expansion tendency reduces for a larger mass.
To further expose the correlated nature of the dynamics we inspect the time-evolution of the two-body intraand interspecies correlation function. In all cases it is shown that the Fermi sea is strongly correlated on the two-body level and a phase separation becomes evident in the interspecies correlation function. Most importantly, signatures of attractive impurity-impurity induced interactions mediated by the Fermi sea are found in the twobody correlation of the impurities. The existence of such attractive induced interactions is further supported by comparing the spatial size of the two and one impurity atoms. Furthermore, examining the time-evolution of the von-Neumann entropy and the population eigenvalues of the single-particle functions appearing in the manybody ansatz we estimate the degree of both inter-and intraspecies correlations. Interestingly, it is found that the amount of correlations maximizes for intermediate repulsions and reduces for fixed interspecies interaction but a heavier impurity.
There is a variety of promising research directions that are of interest for future studies. A straightforward extension is to unravel the quench dynamics of the FermiFermi mixture for attractive interactions and/or for finite temperature [116, 117] in order to infer whether signatures of induced impurity-impurity interactions survive and in which regimes. Another interesting prospect would be to examine e.g. a lattice trapped Fermi-Fermi mixture [118] consisting of a fermionic bath and impurity atoms and unravel its stationary properties but most importantly the interaction quench dynamics. In this context the simulation of the corresponding radiofrequency spectrum [40] by employing spinor impurities in order to identify polaronic states is worth pursuing. Certainly, the generalization of the present findings to higher-dimensional settings is of immediate interest. Let us briefly comment on the basic aspects of the deployed numerical method, the Multi-Layer MultiConfigurational Time-Dependent Hartree Method for atomic mixtures (ML-MCTDHX) [79] , used to simulate the correlated quantum dynamics of the fermionic mixture and subsequently discuss the numerical convergence of our results. ML-MCTDHX is a variational method for solving the time-dependent many-body Schrödinger equation of atomic mixtures with either bosonic [49, 61, 73] or fermionic [52, 74, 107, 118] constituents including also spin degrees of freedom [40, 50, 99] . A powerful asset of this method is that it relies on the expansion of the many-body wavefunction with respect to a timedependent and variationally optimized basis. The latter allows us to account for the underlying intra-and interspecies correlations of the system under consideration by exploiting a computationally feasible basis size and thus choosing the relevant subspace of the Hilbert space at each time instant of the evolution in an efficient manner.
The corresponding degree of Hilbert space truncation is dictated by the employed orbital configuration space denoted in the following by C = (D, d  A , d  B ) . Here,
B refer to the number of species and single-particle functions of each species respectively involved in the many-body wavefunction ansatz [Eqs. (2) , (3)]. Additionally, for our numerical calculations we use a primitive basis based on a sine discrete variable representation which introduces hard-wall boundary conditions at both edges of the numerical grid consisting here of 300 grid points. Moreover, the hard-wall boundaries are imposed at x ± = ±40 and do not impact our results since the spatial extension of the one-body densities of both species does not exceed x ± = ±15.
To elucidate the numerical convergence of our manybody simulations we assure that all observables of interest become, to a given level of accuracy, almost insensitive upon varying the employed orbital configuration (10, 12, 6) for NB = 2 and other orbital configurations C (see legends) for gAB = 1. In both cases the Fermi sea consists of NA = 6 atoms and it is initially trapped in a double-well while the impurity subsystem is confined in a harmonic trap. The dynamics is induced at t = 0 by ramping-down the potential barrier of the Fermi sea.
space C = (D, d
A , d B ). We remark that for many-body calculations, discussed in the main text, we used the orbital configurations C = (6, 12, 6) and C = (10, 12, 6) for N B = 1 and N B = 2 respectively. Below, we exemplify the convergence of the center-of-mass variance of the Fermi sea X 2 A (t) in the course of the evolution for a different number of species and single-particle functions. Recall, that the quench protocol acts only on the fermionic bath and the dynamics of the impurities is induced indirectly. More precisely, we inspect the absolute deviation of X 2 A (t) C between the C = (6, 12, 6) for N B = 1 [C = (10, 12, 6) (A1) Figure 13 shows Q C,C after ramping-down the potential barrier of the double-well of the Fermi sea at interspecies interaction g AB = 1 in the case of a single [ Fig. 13 (a) ] and two [ Fig. 13 (b) ] impurities. Note that we choose to present here g AB = 1 since for such intermediate interactions the degree of both inter-and intraspecies correlations are maximized [see Fig. 5 and Fig. 10 ] and therefore convergence is more difficult to be reached. Closely inspecting Fig. 13 we can deduce that X 2 A (t) is indeed converged for both one and two fermionic impurities. Referring to the single impurity case, we observe that Q C,C between the C = (6, 12, 6) and C = (6, 10, 6) [C = (5, 12, 5)] orbital configurations is below 1% [1.8%] throughout the evolution [ Fig. 13 (a) ]. Moreover, turning to the dynamics of two fermionic impurities it can be seen from Fig. 13 (b) that Q C,C when C = (10, 12, 6) and C = (6, 12, 6) becomes at most of the order of 4% whilst e.g. for C = (10, 12, 6) and C = (10, 10, 5) it takes a maximum value of 0.9%. Similar observations can be made by inspecting the corresponding relative deviation of the impurities X 2 B (t) C (not shown here). Let us finally mention that the same convergence procedure has been followed for the other interspecies interactions considered in the main text and found to exhibit a similar or even better (in some cases) degree of convergence.
